Soil moisture is a main factor for the study of drought impacts on vegetation. Drought is a regional phenomenon and affects the food security more than any other natural disaster. Currently, the monitoring of different types of drought is based on indexes that standardize in temporal and regional level allowing, thus, comparison of water conditions in different areas. Therefore, in order to assess the impact of soil moisture during periods of drought, drought Palmer Severity Index was estimated for the entire region of the territory. For this were used meteorological data (rainfall and evapotranspiration) and soil (field capacity, permanent wilting point and water storage in the soil). The data field capacity and wilting point were obtained from the physical properties of soil; while the water storage in soil was calculated considering the water balance model. The results of the PSDI were evaluated during the years 2000 to 2015, which correspond to periods with and without occurrence of drought. In order to assess the future drought projections, considering the set of the Coupled Model Intercomparison rainfall data Project Phase 5 (CMIP5). Climate projections precipitation in CMIP5 for the period 2071-2100 was extracted generating entitled forcing scenarios Representative Concentration Pathways -RCPs, and referred to as RCOP 8.5, corresponding to an approximate radiative forcing the end the twenty-first century of 8.5 Wm -2
INTRODUCTION
Soil moisture constitutes one of the main factors for the study of drought and its impacts on vegetation. Soil moisture represents the water content in the soil. It can be calculated as the weight of water contained in a soil sample divided by the dry weight of the solid soil particles, expressed as a percentage. The term "drought" refers to dry weather of prolonged duration, where there is a water deficit in the soil. During drought, the water availability is below the usual soil moisture levels of a given geographical area; therefore, the water is inadequate to meet the needs of humans, animals and plants. Drought is a phenomenon of regional scale and affects food security, water and energy more than any other natural disaster; it represents a water imbalance generated by the absence of precipitation accompanied by dry air and high temperatures. The forecast of when drought will occur, as well as its duration is very difficult if compared to other disasters, such as floods (KESHAVARZ; VAZIFEDOUST; ALIZADEH, 2014; CARRÃO; NAUMANN; BARBOSA, 2016) . For this reason, the monitoring of various types of drought has been based on indices that standardize on temporal and spatial scales.
Thus, different indices are proposed for determining the degree of drought severity (e.g., Palmer Drought Severity Index, Effective Drought Index, Hydride Cultural Stress Index, Drought Index Bhalme & Mooley, Standardized Precipitation Index etc.) (PALMER, 1965; ALLEY, 1984; GUTTMAN; WALLIS; HOSKING, 1992; SRIDHAR et al., 2008; HOGG; BARR; BLACK, 2013; KESHAVARZ; VAZIFEDOUST; ALIZADEH, 2014) . According to Palmer (1968) , for monitoring of drought, the Drought Severity Index, is calculated using as input all the terms of the water balance equation, including evapotranspiration, runoff, soil recharge and loss of moisture in the surface layer. In this context, use of a monthly scale to monitor the implications of agricultural drought presents an excessively long latency which may, therefore, result in a high deficit ETR (real evapotranspiration), and consequently in large agricultural losses. Therefore, this type of analysis requires a detailed time scale (10 days, for example) for its effects to be properly assessed so that control and mitigation measures can be adopted. Sridhar et al. (2008) evaluated the impact of soil moisture in the quantification of drought through the development of the Soil Moisture Index (SMI) obtained from observed and modeled soil moisture data for the Nebraska region. Observed data were used, collected from the network of automated data from the content of available water (obtained from the difference between the field capacity and the wilting point) for determination of this index. In addition, the SMI was also calculated using soil moisture information obtained from a hydrologic model to compare with the drought duration at several sites. The results showed that the influence of soil moisture undoubtedly is a quantitative indicator of drought.
Currently, the monitoring of different types of drought is based on indices which standardize on temporal and regional scales, thus allowing comparisons of water conditions in different areas. Such water quantifiers have been used in state and federal policies as parameters which assist decision-making regarding the adoption of plans to combat the implications of drought in various sectors of society. The Palmer Drought Severity Index (PDSI) and the Standardized Precipitation Index (SPI) are the world's best known and most frequently used quantifiers (WMO; GWP, 2016). To support effective strategies for actions in agriculture, this study aims to assess the impact of soil moisture due to the drought indicator using the PDSI in Brazil for the years 2000 to 2015.
Rainfall, evapotranspiration and soil water storage data extracted from the database of the Weather Forecasting and Climate Studies Center of the National Institute for Space Research (Centro de Previsão de Tempo e Estudos Climáticos/Instituto Nacional de Pesquisas Espaciais -CPTEC/INPE), as describe at Doyle et al. (2013) , were used to calculate the PDSI. The analysis of the soil moisture temporal series and the PDSI during the period of 2000-2015, serve as the basis for the assessment of the impacts caused by drought.
For quantification of drought, one of the most utilized and globally recognized indices is the PDSI, which considers that the total rainfall required to maintain an area in a given period is dependent on the weather conditions of the previous months and the current month.
In addition, the PDSI also can be used as input for analysis of future projections in order to assist decision makers in action plans for more effective strategies to enable farmers to survive drought without losing their livelihoods. Thus, considering different scenarios for future projections, the PDSI was estimated from the data of climate projections of precipitation and soil moisture of the Coupled Model Intercomparison Project Phase 5 (CMIP5, TAYLOR; STOUFFER; MEEHL, 2012), coming from IPCC AR5 (IPCC 2013 (IPCC , 2014 . The climate projections of precipitation and soil moisture of CMIP5 models for the period 2071-2100 for the scenario Representative Concentration Pathways -RCPs 8.5 corresponding to an approximate radiative forcing at the end of the 21st century of the 8.5 Wm -2 (MOSS et al., 2010) . The PDSI was obtained for models of CMIP5 in the monthly and annual scale for the long term (2071-2100) concerning to the climatology . Analysis of the results predict the impacts of drought in several areas in order to avoid drastic reductions in the levels of the reservoirs, losses in agricultural crops, losses in production of electricity and in the economy caused by this type of natural disaster.
MATERIALS AND METHODS

Meteorological data
The weather information (precipitation, evapotranspiration, and water storage in the soil) considered in this study to determine the PDSI were drawn from the networks of the CPTEC/INPE data collection platform. The daily precipitation was obtained using the information observed in rain gauges, considering different data sources, and the 3B42 product from the Tropical Rainfall Measuring Mission satellite -TRMM (HUFFMAN; BOLVIN, 2011). The observations were grouped according to the cells defined by the resolution of the TRMM data (0.25º x 0.25º). Incident global radiation, temperature and relative humidity, wind speed and pressure data were also used for the estimation of real and potential evapotranspiration daily using the Penman-Monteith model (ALLEN et al., 1998) .
The soil water storage data were obtained from the water balance model derived from the MUSA Project -Soil Moisture Monitoring in southeastern South America, information is detailed in (DOYLE et al., 2013) .
The estimates of water in the soil were carried out integrating the meteorological (described above) and soil information. The existing soil information is from EMBRAPA (Brazilian Agricultural Research Corporation -Empresa Brasileira de Pesquisa Agropecuária) soil surveys and Radam-Brazil, which include the depth of horizons, soil type, vegetation type, etc. Physical (texture, structure, etc.) and chemical (organic matter, macro and micro nutrients, carbon, etc.) analyses were performed for each horizon. To obtain water storage in soil pedo-transfer functions are used (TOMASELLA; HODNETT; ROSSATO, 2000; ALVALA; TOMASELLA, 2004; SOUZA et al., 2001 ).
Palmer Drought Severity Index (PDSI)
The PDSI introduced by Palmer (1965) is calculated based on the parameters of water balance of Thornthwaite and Mather (1955) . The methodology considers that the soil is divided into two layers, a surface (Ss) and other sub-surface (Su). The value of the Ss layer is 25% of the available water capacity in soil (AWC) and the Su layer represents 75% of AWC. Thus, the Su layer will begin to lose water only when all water of Ss layer is lost.
To calculate the monthly water anomaly (d), Palmer proposed that the observed precipitation in a month (Pi) be compared to the expected (P) for the same period, ie:
where ET is evapotranspiration, R is the ground water recharge, R0 is the runoff, L is the soil water loss and i is the i th month. For d to become a standard index, comparable in different locations at any time, Palmer (1965) developed a new climate characterization factor designated by the letter K, which is given by: A detailed description of the PDSI methodology has been presented by Blain and Brunini (2007) .
Models of the CMIP5
In this study, we evaluated the future projections of PDSI using the global CMIP5 models. The horizontal resolutions of CMIP5 models vary around 1 to 3 degrees. However, for the purpose of intercomparison, all variables were interpolated to a common regular grid of 2.5° x 2.5° latitude/longitude using a bilinear interpolation. The CMIP5 set of models used in this study are the following: a) ACCESS 1.0; b) BCC -CSM1-1; c) CanMES; d) CNMR; e) CSIRO; f) EC-EARTH; g) FGOALS-g2; h) FIO-ESM; i) GFDL-CM3; j) GFDL-ESM2G; l) FDL-ESM2M; m) Giss-E2-R; n) HadGEM2-CC; o) INMCM4; p) IPSL-CM5A-LR; q) MIRI-ESM; r) MIROC-ESM; s) MIROC-ESM-CHEM and t) MRI-GCM3. More detailed information regarding the CMIP5 model is described in Torres (2014) .
As indicated in the methodology, the climate projections in CMIP5 are performed using the next generation of entitled forcing scenarios RCPs 2.6, 4.5, 6.0, and 8.5, which correspond to an approximate radiative forcing at the end of the 21st century of 2.6, 4.5, 6.0 and 8.5 Wm -2 , respectively, relative to the pre-industrial conditions (MOSS et al., 2010) . Regarding the equivalent CO 2 concentrations, the RCPs 2.6, 4.5, 6.0, and 8.5 roughly correspond to 490, 650, 850, and 1370 ppm, respectively, in 2100 (TORRES, 2014) . In this study, data from projections of future precipitation and soil moisture to the end of the century are detailed at Li, Robock and Wild (2007) and Marengo et al. (2009) . In this study we use the RCP8.5.
RESULTS AND DISCUSSION
Studies confirm that the soil moisture response to precipitation is predominantly positive (ZHANG et al., 2004; BRUNSELL, 2009; ASHARAF; DOBLER; AHRENS, 2012) . Therefore, soil moisture has a large influence on the natural and/or agricultural vegetation. It is through soil moisture monitoring that alerts for decision-makers regarding potential flooding and assessment of the severity of droughts are generated. However, direct measurements of soil moisture are relatively rare on a global scale, so that soil moisture typically is calculated based on models that utilize precipitation as initial conditions.
The temporal and spatial variability of rainfall are a striking feature of the climate of Brazil, in particular in the semi-arid region, where the temporal and spatial irregularity of rainfall is a relevant factor for the rainfed agriculture, which depends on soil moisture maintenance during the growing period (MARENGO et al., 2012) .
Figures 1 and 2 show the distribution of space-time observed rainfall (mm/day) and the estimated water storage in soil (mm) for the entire Brazilian territory during the period of 2000 to 2015. The results show that in the year 2003 and especially in 2012, the amounts of precipitation and moisture stored in the soil were lower than those observed in other years for the northeastern semi-arid region (NEB). The El Niño-Southern Oscillation (ENSO) was responsible for the rain and for the stored It should be noted that the NEB is a region vulnerable to drought with a long history of famine, migration and associated social problems . Currently this region presents a drought situation that began in 2012 and still persists in some areas with rainfall below the climatological average in the region. This drought can be considered as the worst of the last 30 years. From 2012 to 2015, the drought hit the NEB, especially the state of Bahia. In this state, about 230 municipalities were affected. The municipalities of Alagoas and Piauí also suffered from the lack of rain. The drought has brought much damage to the main sources of income in the region: livestock, and agricultural cultivation of corn and bean. The entire NEB had more than 1,400 affected municipalities (MARENGO et al., 2013a GUTIÉRREZ et al., 2014) . The El Nino of 2015 worsened the drought that had already been going on since 2012.
The drought that started in 2012 caused a devastating impact on agricultural, livestock and industrial productions. In April 2013, about 880,000 farmers had received assistance from the Federal Government through social support programs. According to the study by Gutiérrez et al. (2014) , the drought has been attributed to the occurrence of two coupled atmospheric phenomena: (1) a slight increase in the sea surface temperature between 0.5°C and 1.5°C in the central region and the eastern equatorial Pacific ocean, indicating the presence of ENSO phenomenon; and (2) the conditions in the Atlantic also were not favorable to rain in the region.
This drought caused a new round of discussions to improve policy and management of drought at the state and federal levels. Thus, Gutiérrez et al. (2014) presented a Brazilian case study, based on interviews with experts. From a documentary analysis, they found that although there is a rich drought management history in Brazil, there are gaps and short and long-term opportunities that decision-makers may consider, focusing on improvement in monitoring and forecasting with enhanced warning systems.
The results shown in Figure 2 indicate a decrease in water storage in the soil for the NEB, in 2003 as well as in 2012, 2013 and 2015, with the lowest levels of water values in the soil due to low index of precipitation.
Besides the NEB, it was observed that Brazil's Southeast region was affected by drought from 2014 to 2015, with areas of a wider range of low water storage in the soil in the north of Minas Gerais (Figure 1d) .
On a global scale, Dorigo et al. (2015) also evaluated soil moisture deviations from the climatological average of 1991-2012. The results show that the soil moisture conditions were within the climatological average, and in much of the globe, were related to the El Niño-Southern Oscillation (ENSO). In a global average scale, the El Niño tends to produce more dry soil conditions than normal than that observed during the 1997-1998 period, while La Niña tends to produce wetter conditions than usual, especially in the south hemisphere. In the NEB, the conditions of low soil moisture that persisted over the previous two years (2012) (2013) saw some relief during 2014, as corroborated with the results shown in Figure 2o . Figure 3 shows the average annual variation of PDSI during the period of 2000 to 2015 for the entire Brazilian territory. From these results, it was found that the PDSI reached drought indices of extremely dry classification (less than -3) in 3 distinct regions: Northeast, Amazon and Southeast).
The Amazon region has suffered severe weather anomalies over the last decade, sometimes with more dry years in sequence than normal, sometimes with prolonged periods of heavy rainfall. The drought years of 2003-2005 and 2010 are examples of such interannual variability. The high variability of precipitation in the region is related to variations in the position and intensity of the Intertropical Convergence Zone (ITCZ) over the Atlantic (MARENGO et al., 2008 (MARENGO et al., , 2012 (MARENGO et al., , 2013b which is strongly modulated by the meridional gradient of sea surface temperature and also by temperature of equatorial Pacific. In 2015, the reduction in rainfall caused by El Niño phenomena contributed to the rapid fall in the river levels .
The current climate change projections are based exclusively on the use of climate models, such as the Global Circulation Models (GCMs). Thus, Torres (2014) evaluated the uncertainties involved in projections of changes in temperature and rainfall in South America, generated by numerous GCMs belonging to CMIP3 and CMIP5 (Coupled Model Intercomparison Project Phase 3 and Phase 5, respectively) in order to identify how these uncertainties are distributed geographically and provide more reliable, synthetic, and probabilistic information. Seven different forcings scenarios were evaluated: SRES B1, A1B, and A2; and RCP 2.6, 4.5, 6.0, and 8.5. Special attention was given in the projections for 2071-2100 with the period . Simulations of GCM's of CMIP3 and CMIP5 proved to be able to well represent the basic climatological aspects observed from the analyzed variables such as seasonal average and annual cycle, although some biases are identified primarily on the Andes, northwestern South America, Amazon basin, and northeastern Brazil. However, the GCMs of CMIP5 presented the closest simulations of observations compared to CMIP3.
In other regions of Brazil, drought in the Northweast and Southeast since 2012 to 2015, NOBRE et al., 2016) and in the Amazon 2005 (MARENGO et al., 2008 LEWIS et al., 2011) was also important, with serious impacts on human and natural systems, specially 2012 year that showed extremes drought index (PDSI > -3, Figure 3m) .
In southeastern Brazil, Reboita et al. (2015) , Nobre et al. (2016) reported the occurrence of rainfall deficits in January for the years 2014 and 2015, which impacted the availability of water for human consumption, agriculture and for the production of hydroelectric power. The volume of water reservoirs began to reach their lowest levels on record. As an example, the volume of the Cantareira System reservoir which decreased from 76.10% in 2012 to 21.99% in 2014, reached a volume of only 4.68% in the year 2015. In this context, the authors found that in both years there was an atmospheric blocking during the summer on the south-eastern area of Brazil, resulting in positive anomalies of atmospheric pressure over southeastern Brazil and positive temperature anomalies of the sea surface near the south-east coast. These atmospheric characteristics disfavor the occurrence of precipitation in southeastern Brazil, blocking the moisture transport coming from the Amazon and from the cold fronts moving from the South, leaving the sky clear in the Southeast region with air temperatures above normal.
In the Southeast region, the severely dry classification (<-2) reached the north of Minas Gerais and São Paulo in 2014.
In São Paulo, the areas of severe droughts were reduced in 2015, but continued covering the state of Minas Gerais; drought also reached severe levels in the Amazon in 2015, with PDSI values <-2.
It also was observed that the areas of occurrence of PDSI with severe and extreme intensities (ie PDSI values <-2 and <-3, respectively) increased in the years of 2014 and 2015 (Figure 3o, p) .
In 2015, the increase in areas with moderate to extreme drought intensity was observed in the southeastern and the northern regions of Brazil, due to the occurrence of reduced rainfall and consequently reduced soil moisture. In 2014, according to Munich Re (2015) , the drought in southeastern Brazil was the fifth most important natural disaster in the world this year. The lack of rain and high temperatures led to drastic reductions in the levels of reservoirs and the desiccation of rivers. Huge losses were reported in the production of sugarcane and coffee and in the production of hydroelectric power, affecting approximately 27 million people. Economic losses resulting from this disaster (until January 2015) were estimated at US$5bn.
Other natural disasters in occurring in 2014 (floods in Rondonia and lack of rain in the Southeast) may be general meteorological phenomena associated with causes unrelated to global climate change. It is difficult to attribute the drought in the Southeast to climate change because drought is a short-term phenomenon and climate change is a long-term process. This type of study to determine the impact of climate change on drought in southeastern Brazil, has not yet been done and the weather causes are still objects of analysis. For example, in January and February of 2014 it should have rained a lot there, but it rained almost 80% less than the climatological average (MARENGO, 2014b (MARENGO, , 2015 .
According to Costa (2015) , the most severe extended drought of the past 80 years, maintaining the effects of the dry season in most municipalities of Brazil, occurred in 2014. As a result, the first two months of 2015 already have 932 municipalities that are in a state of emergency due to drought or dry season per the Ministry of Integration data. Throughout the year 2014 the number of municipalities in the same condition was 1,265. Not even the beginning of the rainy season in the country was enough to reduce drought impacts, although the rainfall in February has helped to stabilize the level of some reservoirs.
As seen in Figure 3 , the increase of the dry classification in the Southeast, from severe to extreme (<-2 to <-3), is due to the decrease of precipitation and water storage in soil (Figures 1 and 2 ) observed during the past 4 years (2012) (2013) (2014) (2015) . Dai, Trenberth and Qian (2004) , from a study of a set of monthly global PDSI data during the period of 1870-2002, reviewed the correlation of soil moisture with PDSI and found that the PDSI was correlated significantly (R = 0.5 to 0.7) with soil moisture content observed within the top 1 m depth during the months of the hot season.
Based on considerations from the study mentioned above, the projection of the PDSI was calculated from the precipitation information generated by GCMs belonging to CMIP5 using the RCP 8.5 scenario forcing to the end of the century (2071-2100). The results show the spatial variability of precipitation for the different models of CMIP5. Among the set of models belonging to the CMIP5, the GISS model had higher distribution of rainfall in the Northeast.
In order to check the impact of the changes of the PDSI in certain regions of Brazil, 4 different areas of study were selected which are characteristic of humid and semi-arid regions: northern Amazon, Northeast Brazil (NEB), parts of South and Central -West of Brazil and southern Brazil (Figure 4) . These regions were chosen because they present different anomalous climatic conditions during El Niño and La Niña events, as well as various anomalies in temperature and rainfall. In recent years, a significant decrease in rainfall has been observed in much of the North, Northeast and Southeast. Thus, for each study area the time series of PDSI from 2000-2015 and the projections for the end of the century ( Figure 5 ) were generated.
The results indicate that the Northeast (Region 2) has averaged more intense levels of drought, reaching extreme values of -6 in 2012, when this region was severely affected by a drought event in its semi arid area. It is important to note that Region 2 also presents severe drought events for the future as indicated by the climatic forecast during the period 2071-2100. Future climate projections indicate risks of severe droughts in semiarid region, rainfall reductions up to 40% and increase of consecutive dry days. The results previously described are in accordance with Dai, Trenberth and Qian (2004) , who also found that, since the late 1970´s, much of dry periods seem to be linked to episodes of ENSO.
For the Amazon (Region 1) has been observed a variability of PDSI classified into normal to extremely wet in the last 15 years. However, the projection of PDSI for this region tends to decrease and become a region with characteristics within the normal climatic conditions.
The Region 3 (area covered by the Central Brazil according to Figure 6) showed PDSI values ranging from 0 to 2 (normal to moderate). However, some extremes values were observed in 2001, when PDSI peaked -2 (moderately dry). In 2001, the water shortage in the reservoirs of hydroelectric power throughout the entire Region 3 caused intense blackouts ('apagões') over the majority of Brazilian population settled in the center of the country, and led to a prolonged electricity rationing. Another extreme PSDI event was observed in 2015, and this peak caused by occurrences of rainfall absences in the Southeast from 2013 until 2015 (Figure 1 n-p) . Finally, for Region 4 (Southern region) it was observed a more constant variability of PDSI, ranging from normal to moderately moist. Therefore, the impacts of these changes may affect directly about 7 million people who are linked to family farming in the NEB, and often found in extreme poverty (IBGE, 2006; LINDOSO et al., 2011) .
In order to verify the variable with greatest impact in the drought index, this study also obtained the correlation of PDSI as a function of rainfall and soil moisture, as shown in Figure 6 . From the spatial distribution of the correlation between PDSI and precipitation, a negative correlation in the Northeast and in some areas of northern Brazil is observed. For the correlation between PDSI and the soil moisture, it is observed that the results are highly correlated in almost all parts of Brazil. This correlation is explained by the fact that the physical properties of soil (percentage of sand, silt and clay) are not influenced by weather conditions (i.e. the soil does not change with time). Therefore, the results showed that the PDSI is more correlated with soil moisture than precipitation, corroborating studies by Dai, Trenberth and Qian et al. (2004) .
According to the models of climate projections, extreme events (droughts/floods) should be more intense in the more distant future (2030 or 2040) . However, extremes of more frequent and intense rains are already occurring in the last 50 to 60 years in various regions of the world, such as in Southeast South America, including Sao Paulo, Rio de Janeiro and Buenos Aires. Extremes of rainfall result in increases in natural disasters. These extreme rainfall events are a result of increased concentrations of greenhouse gases and urbanization. Where once there was the Atlantic Forest, there is now concrete. Moreover, often, rainfall is misplaced, as in São Paulo, occurring on the city, but not on the Cantareira region where rain is desirable (MARENGO, 2014a) .
PDSI was estimated considering future projections of precipitation and soil moisture for the end of the century (2100) from different CMIP5 models. It is expected that the wet or dry classifications from PDSI also are directly linked to rainfall and soil moisture. Figure 7 shows the PDSI projections for the end of the century (2071-2100) in RCP85 forcing scenario from the CMIP set. From the results, it is observed that the ACCESS, INMC and IPSL models showed larger areas with indexes above 1 (wet) in the greater part of Brazil. The other models showed minor changes rates below or above normal in some regions of Brazil.
In general, in relation to the future projection of the PDSI, the CMPI5 models showed drought indexes below -1, and other regions, above 1. This variability of PDSI standard ranging from dry and wet corresponds to the reduction and increased precipitation and the soil moisture, respectively, to the end of the century. However, as pointed out by Sales et al. (2015) , there remains a divergence by the CMIP5 models with regard to precipitation, which should be the subject of study to try to understand the uncertainties related to this variable.
In the Northeast region of Brazil and Midwest regions of Brazil, while the CSIRO, CanMES, GFDL, INMC, IPSL, MIRI-ESM and MIROC models indicated projections of low rainfall in the Amazon. The reduction of precipitation for the projection at the end of the century noted for the Amazon was also observed in the Midwest region obtained by ACCESS, MIROC, MIROC-ESM and MRI-GCM3 models. Torres (2014) found that the uncertainty of the models with respect to the precipitation changes is very high.
For the analysis of the risk of drought, Carrão, Naumann and Barbosa (2016) developed a global map with the impact of the drought during the period of 2000-2014, which was based on the product of three independent factors: hazard, exposure and vulnerability. The results confirm the idea that the risk of drought is driven by an exponential growth of regional exposure; while the danger and vulnerability have a weaker relationship with the geographic distribution of risk values. The results also found that the risk of drought is lower for the dense vegetation regions (such as tundra and tropical forests) and higher for populated areas and regions widely exploited for agricultural and livestock production, such as South-Central Asia, Southeast South America, Central Europe and the Southeast US. Moreover, considering that the projections of climate change provide an increased frequency and intensity of drought for these regions, the study showed that there is a risk to global food security and a potential for civil conflict in the medium and long term. As most agricultural regions have high vulnerability of infrastructure to drought, the regional adaptation of climate change can start through the implementation and widespread use of irrigation and rainwater harvesting systems.
Whereas, in recent years, the Southeast region has shown high climate variability, increasing the percentage of areas affected by the severe and extreme droughts, the PDSI was analyzedspecifically for this region to check the impact on the spatial scale (Figure 8) . The results showed that the impact of the drought that occurred in 2001 (which led to power rationing), reached up to 60% of areas in the Southeast. But the drought in recent years (2014 and 2015) showed peaks of up to approximately 80% of the areas affected by the drought.
Therefore, from the analysis of PDSI for area percentage of Southeast region (Figure 8) , it was observed that in 2015 the area with extreme indexes of PDSI increased, as presented in Figure 3p . As noted by Marengo et al. (2013b) , the news labeled by the press and Brazilian government agencies in 2012 classified the floods in the Amazon and drought in northeastern Brazil as the most severe weather events in recent decades, and many districts in the Amazon and states in the Northeast of Brazil were declared natural disaster areas, especially in the flood plains of the Amazon and in the semi-arid lands of the Northeast. The most critical situation, however, is in the Northeast, where drought is a chronic problem.
In the scope of the National Plan for Risk Management and Disaster Response, the National Center for Monitoring and Alerts Natural Disaster (CEMADEN) became operational at on December 2, 2011, issuing alerts to the National Center for Risk Management and Disaster -CENAD throughout Brazil. The municipalities monitored by CEMADEN have a history of natural disasters records arising from landslides and floods. In addition, the Center assists preventive actions, identifying vulnerabilities in the use and occupation of land, with emphasis on urban planning and the installation of infrastructure.
The effects of drought have seriously depleted several reservoirs, reaching the dead volume in the Southeast (Belo Horizonte, Campinas and Recife, as well as in Rio de Janeiro and São Paulo); since 2012 CEMADEN provides reports of the current situation and a hydrological forecast for the Cantareira System. According to a survey done by the newspaper O Globo, in 2015, the drought had spread throughout Brazil: 45.8 million people suffered from a lack of water, which means 20% of the country, based on information from watershed committees and state governments. In total, 936 municipalities throughout Brazil were in an emergency situation due to drought. This information confirms the results obtained from PDSI, increasing the areas of severe droughts in the region and reaching indices more intense in the last years (2014 and 2015) (O GLOBO, 2015) .
CONCLUSION
In this work, PDSI was used to estimate soil moisture to the layer of 1 m in Brazil during the period 2000 to 2015. This period included neutral years (with rainfall within normal standards) and years with extreme events (such as El Niño events). The results showed that the PDSI satisfactorily simulated the interannual variations, varying according to the climatic conditions of each region of the country. On a monthly basis, PDSI responds to decreased precipitation and soil water. This feature shows the PDSI recognizes the meteorological drought in different geographic locations, especially in the NEB. In this region where semiarid conditions prevail, the PDSI reached the severe to extreme dry scales over the entire analysis period. Thus, it was found that the PDSI can be applied to different regions of Brazil, considering the climatological patterns of precipitation and soil moisture.
For the analysis of future projections, the PDSI was estimated for 19 different RCP85 forcing scenarios from the CMIP set. According to the optimistic scenario (rainfall and soil moisture above the average), the ACCESS, INMC and IPSL models were those with larger areas with rates above normal for the wet (PDSI between 1 and 2) in a large part of Brazil. For regions with scenarios of reduced precipitation and soil moisture, it was found that the CSIRO, CanMES, GFDL, INMC, IPSL, MIRI-ESM and MIROC models indicated projections of low rainfall in the Amazon. For ACCESS, MIROC, MIROC-ESM and MRI-GCM3 models, a reduction in rainfall was observed in the Midwest. Among the analyzes of four different fields of study (Figure 4) , it was observed that the North leaves the classification of a moist area and tends to normal water conditions. In region 2 (northeastern Brazil), drought classification tends to a moist condition. And for the regions 3 and 4 (Midwest + Southeast and South, respectively) that are characteristic of wet patterns, the trend is that by the end of the century water conditions are within the normal range. Therefore, the results show the PDSI capability in forecasting soil water conditions in different regions, from future projections. But when we analyzed only the Southeast there was an increased percentage of areas affected by severe to extreme drought due to high climate variability occurring in the region. However, the projection for 2071-2100 suggests that the index may tend to normalize by the end of the century.
Finally, it was concluded that the PDSI constitutes an important tool to evaluate soil moisture in moisture/flood conditions in different regions and periods. However, despite the apparent importance of these types of natural disasters, such extreme events have yet to be quantitatively related to various climatic, economic and social variables to enable creation of drought risk maps on monthly and/or daily scales. The generation of such maps becomes an essential component of risk management to provide support to decision makers. In addition, due to the impacts of droughts occurring during recent years and in future climate projections, there is a need to develop more effective strategic planning for the implementation and widespread use of irrigation and rainwater harvesting systems. 
